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Abstract Objective To evaluate the survival time, the failure rate and its causes, and the
functional results of cemented endoprostheses, with a polyethylene body, used after
resection of primary bone tumors of the distal femur.
Methods A retrospective study including 93 primary and 77 review procedures
performed between 1987 and 2014. Survival was obtained by the Kaplan Meyer
analysis, and the risk factors for implant failure were assessed through the Cox
proportional risk model. The causes of endoprosthesis failure were classified according
to Henderson et al. into five types: soft-tissue failure, aseptic loosening, structural
fracture, infection, and tumor recurrence. The functional evaluation was performed
using the functional classification system of the Musculoskeletal Tumor Society (MSTS)
of bone sarcomas of the lower extremity, Brazilian version (MSTS-BR).
Results Osteosarcoma was the most common diagnosis; 64.5% of the patients were
younger than 20 years of age; themean follow-up was of 124.3months. The failure rate
of the primary implant was of 54.8%, and the mean survival was of 123 months. The
estimated survival of the primary implant was of 63.6%, 43.5%, 24.1%, and 14.5% in 5,
10, 15, and 20 years respectively. The most common cause of failure was type 2
(37.3%). Age � 26 years and right side were risk factors for failure. The mean MSTS-BR
score was of 20.7 (range: 14 to 27).

received
November 29, 2021
accepted
March 4, 2022

DOI https://doi.org/
10.1055/s-0042-1748966.
ISSN 0102-3616.

© 2022. Sociedade Brasileira de Ortopedia e Traumatologia. All
rights reserved.
This is an open access article published by Thieme under the terms of the

Creative Commons Attribution-NonDerivative-NonCommercial-License,

permitting copying and reproduction so long as the original work is given

appropriate credit. Contents may not be used for commercial purposes, or

adapted, remixed, transformed or built upon. (https://creativecommons.org/

licenses/by-nc-nd/4.0/)

Thieme Revinter Publicações Ltda., Rua do Matoso 170, Rio de
Janeiro, RJ, CEP 20270-135, Brazil

Original Article
THIEME

1030

Article published online: 2022-12-16

https://orcid.org/0000-0003-1577-7798
https://orcid.org/0000-0002-7751-9981
https://orcid.org/0000-0002-9195-2087
https://orcid.org/0000-0002-7972-4890
mailto:dra.c.marino@gmail.com
https://doi.org/10.1055/s-0042-1748966
https://doi.org/10.1055/s-0042-1748966


Introduction

Formany years, amputation has been the treatment of choice
for malignant bone tumors.1 In recent decades, there has
been a great evolution in the treatment of these neoplasms in
terms of effective systemic therapies, new surgical recon-
struction techniques, and advances in the quality of imaging
tests, which have resulted in increased survival of the
patients with neoplasms such as osteosarcoma, chondrosar-
coma, and Ewing tumor.2–4 Resection of these tumors often
results in significant bone failure thatmust be reconstructed,
and unconventional endoprostheses play a central role in
limb-preserving surgery5 (►Figure 1).

Replacement by unconventional endoprosthesis is the
most used reconstruction method in limb-preserving sur-
geries after segmental bone resections.6 Its advantages in-
clude: immediate weight discharge, good cost-benefit ratio,
and availability.7 However, the failure rate of these implants
exceeds that of conventional prostheses, due to the higher
morbidity of the oncological procedures (extensive dissec-
tions, prolonged surgical time) and of the oncological patient
(chemotherapy treatment, frequent hospitalizations, immu-
nological impairment, comorbidities).1,8 The causes of endo-
prosthesis failures were classified by Herderson et al.9 as
follows: 1) soft-tissue failure; 2) aseptic loosening; 3) struc-
tural fracture; 4) infection; and 5) tumor recurrence. Cur-

rently, there are few studies with medium and long-term
results analyzing the use of endoprostheses in resections of
periarticular tumors around the knee.7,10,11

The aim of the present study is to evaluate the survival
time and causes of failures of the distal femur unconven-
tional endoprostheses and, when possible, the functional
results.

Materials and Methods

After the project was approved by the institutional Ethics
in Research Committee, a retrospective research was
performed on the institutional electronic databases re-
garding the medical records of patients submitted to
resection of neoplasms of the distal segment of the femur
and reconstruction with cemented unconventional endo-
prostheses with a polyethylene body, custom-made or
modular, for primary or revision procedures, partial or
with a knee joint, provided by the same manufacturer,
used in the surgical treatment of primary bone neo-
plasms of the distal femur, in the same cancer center,
from 1987 to 2014. Cases of metastatic disease and soft
tissue neoplasia were excluded. Thus, 92 medical records
were included in the study, with one bilateral case,
totalling 93 primary endoprostheses and 77 revision
endoprostheses.

Conclusion The results obtained for the failure rate and survival of the implant are in
accordance with those of the literature, so the procedure herein studied is adequate
and yields satisfactory functional results, even in the long term.

Resumo Objetivo Avaliar o tempo de sobrevida, a taxa de falha e suas causas, e os resultados
funcionais de endopróteses cimentadas, com corpo em polietileno, empregadas após
ressecção de tumores ósseos primários do fêmur distal.
Métodos Estudo retrospectivo, que incluiu 93 procedimentos primários e 77 de
revisão, realizados entre 1987 e 2014. A sobrevida foi obtida pela análise de Kaplan
Meyer, e os fatores de risco para falha do implante foram avaliados por meio domodelo
de riscos proporcionais de Cox. As causas de falha da endoprótese foram classificadas
segundo Henderson et al. em cinco tipos: falha de partes moles, soltura asséptica,
fratura estrutural, infecção e recorrência do tumor. A avaliação funcional foi realizada
por meio do sistema de classificação funcional da Musculoskeletal Tumor Society
(MSTS) para sarcomas ósseos da extremidade inferior, versão brasileira (MSTS-BR).
Resultados Osteossarcoma foi o diagnóstico mais comum; 64,5% dos pacientes
tinhammenos de 20 anos; e o seguimentomédio foi de 124,3meses. A taxa de falha do
implante primário foi de 54,8%, e a sobrevida média foi 123 meses. A estimativa de
sobrevida do implante primário foi de 63,6%, 43,5%, 24,1%, 14,5% em 5, 10, 15 e 20
anos, respectivamente. A causa de falhamais comum foi a do tipo 2 (37,3%). Idade� 26
anos e lado direito foram fatores de risco para falha. A pontuaçãomédia no MSTS-BR foi
de 20,7 (variação: 14 a 27).
Conclusão Os resultados obtidos para a taxa de falha e o tempo de sobrevida do
implante estão de acordo com os da literatura, de forma que o procedimento estudado
é adequado e apresenta resultados funcionais satisfatórios, inclusive em longo prazo.
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The variables analyzed were: gender, age, tumor size,
laterality, Enneking classification, types of treatment, types
of endoprosthesis, histological types, histological degree,
surgical margins, tumor invasion, Huvos classification, fol-
low-up duration, deaths, metastases, and patient survival.

Regarding the endoprostheses, we analyzed the failure
rate, the survival time, and the types of failure according to
the classification by Herderson et al.9

The functional evaluation was performed by applying the
functional classification system of the Musculoskeletal Tu-
mor Society (MSTS) of bone sarcomas of the lower extremity,
Brazilian version (MSTS-BR),12 which consists of a question-
naire with six questions that address the following aspects:
pain, limb function, emotional acceptance, use of walking aid
device, ability towalk, and gait. Themaximum score for each
question is 5, and the maximum score is 30.

Statistical analysis

We performed a descriptive analysis of the variables: abso-
lute (n) and relative frequency (%) for the qualitative varia-
bles, and the main summary measures (mean, standard
deviation, median, minimum, and maximum values) for
the quantitative variables. To evaluate the survival of the
implants, the Kaplan-Meier estimator was considered, and
the log-rank test was applied to compare the survival curves.
The cutoff points for the variables age and tumor size in
relation to the outcome (implant failure) were obtained
through the log-rank statistic maximization technique.13

Possible risk factors were evaluated using the Cox propor-
tional risk model.14–16 The level of significance adopted was
of 5%; thus, results whose p-valuewere lower than 0.05 were
considered statistically significant. For the statistical

Fig. 1 Cemented distal femur endoprosthesis with polyethylene body and titanium rod with articulated knee, custom-made. (A) Ante-
roposterior (AP) and profile (P) radiographs of a case of periosteal osteosarcoma of the distal femur. (B) Intraoperative imaging of bone failure.
(C) Intraoperative imaging after reconstruction. (D) Anteroposterior and P radiographs after reconstruction.
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analysis, we used the Statistical Package for the Social
Sciences (IBM SPSS Statistics for Windows, IBM Corp.,
Armonk, NY, United States) software, version 24.0, and the
R (R Foundation for Statistical Computing, Vienna, Austria)
software, version 3.5.

Results

Demographic and Clinical Characteristics
Data from 92 patients and 93 primary distal femur endo-
prostheses were analyzed, and they are described as follows.

In total, 45 patients (49%) were male, and 47 (51%) were
female. Regarding age, 8 patients (8.6%) were between 0 and
10 years old, 52 (55.9%), between 11 and 20 years, 16 (17.2%),
between 21 and 30 years, 6 (6.5%), between 31 and 40 years,
9 (9.7%), between 41 and 50 years, and 1 (1.1%), older than
50 years of age. Regarding laterality, 54.8% of the cases were
on the right side, and 44.1%, on the left side. Of the 92
patients, 77 did not present metastasis at diagnosis, and
15 (16.3%) did.

Most diagnoses were of high-grade central osteosarcoma:
63 cases (67.7%), followed by parostal osteosarcoma, with 12
(12.9%) cases, chondrosarcoma and giant cell tumor, with 4
(4.3%) cases each, Ewing tumor, with 3 (3.2%) cases, and
periosteal osteosarcoma, malignant fibrohistiocytoma, leio-
myosarcoma, lymphoma, enchodroma, non-ossifying fibro-
ma, and metaphysary malignant histiocytoma, with 1 case
(1.1%) each.

The mean follow-up of the patients was of 145.3 months
(12 years and 3 months), and during the follow-up, postop-
erative complications were reported in 7 patients. They
were: drug allergy, posttransfusion urticaria, sepsis, skin
injury due to the immobilizer, agitation with dislocation of
the endoprosthesis, sciatic-popliteal neuropraxia, skin ne-
crosis, hematoma, and respiratory complication related to
orotracheal intubation.

Of the 92 patients, 24 died during the follow-up. The
overall survival of the patients at 5, 10, 15, and 20 years was
of 78.9%, 75.7%, 69.4% and 67% respectively.

In the evaluation of the margins of the surgical specimen,
1 case of compromised margin was observed. Local recur-
rence occurred in 8 cases (8.6%), and, of these, 1 was
submitted to resection of a soft-tissue mass, 1, to revision
of the stent, 4, to amputation, 1, to chemotherapy, and 1, to
palliative care. The patient who underwent review due to
local recurrence had another recurrence and, finally, under-
went amputation. The case submitted to resection of the
recurrence in soft tissues was classified as type-3 endopros-
thesis failure, as review was required due to breakage of the
endoprosthesis, not recurrence.

The infection rate of the sample was of 6.4%; that of
aseptic loosening, of 20.4%; that of local recurrence, of
8.6%; and the rate of implant breakage was of 11.8%
(►Tables 1 and 2).

Survival of the Endoprostheses
Of the 93 primary endoprostheses analyzed, 51 (54.8%)
failed, and 42 (45.2%) did not. The survival of primary

endoprostheses at 1, 5, 10, 15, and 20 years was respectively
of 93.4%, 63.6%, 43.5%, 24.1%, and 14.5%. Observing the
Kaplan-Meyer curve, the mean survival of primary endo-
prostheses was of 123 months (10 years and 3 months)

Table 1 Frequency – clinical data

Variables Patients (n) (%)

Gender 92

Female 47 51.0%

Male 45 49.0%

Age 92

0 to 10 years 8 8.6%

11 to 20 years 52 55.9%

21 to 30 years 16 17.2%

31 to 40 years 6 6.5%

41 to 50 years 9 9.7%

> 50 years 1 1.1%

Age: cut-off point 92

� 26 years 69 75.0%

> 26 years 23 25.0%

Tumor size

� 7cm 19 30.6%

> 7cm 43 69.3%

Laterality 92

Right 51 54.8%

Left 41 44.1%

Histological Types 93

High-grade central
osteosarcoma

63 67.7%

Parosteal osteosarcoma 12 12.9%

Chondrosarcoma 4 4.3%

Giant cell tumor 4 4.3%

Ewing tumor 3 3.2%

Periosteal osteosarcoma 1 1.1%

Malignant fibrous histiocytoma 1 1.1%

Leiomyosarcoma 1 1.1%

Lymphoma 1 1.1%

Encondroma 1 1.1%

Non-ossifying fibroma 1 1.1%

Metaphysary malignant
histiocytoma

1 1.1%

Enneking 83

Ia 1 1.2%

Ib 11 13.3%

IIa 1 1.2%

IIb 57 68.7%

III 13 15.7%
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(►Figure 2). Excluding patients who died during follow-up,
the results regarding survival were of 95.6%, 68%, 46.9%,
24.8%, and 14.5% at 1, 5, 10, 15 and 20 years respectively. As
the results of the statistical analysis excluding patients who
died were similar to those of the analysis including all cases,
we presented only the analyses including all patients in the
study.

According to the classification of the types of endopros-
thesis failure proposed by Herderson et al.,9 the cause of
failure most found in primary endoprostheses was type 2–
aseptic loosening, with 19 cases (37.3%), followed by type 3–
structural fracture, with 12 cases (23.5%), with 1 case of
isolated periprosthetic fracture not involving structural fail-
ure of the endoprosthesis. There were also 7 cases (13.7%) of
type-1 failures – soft-tissue failure, 7 cases (13.7%) of local
recurrence – type-5 failure, and 6 cases (11.8%) of infection –

type-4 failure.

Analyzing the survival according to the type of failure, we
observed an average survival of 73.4 months for type-1
failures, 86.5 months for type-2, 89.5 months for type-3,
74.7 months for type-4, and 20.7 months for type-5 failures.
When we analyze only the structural failures of the implant,
the average survival obtained is of 87.3 months (►Table 3).

We did not observe statistically significant differences
between the survival of endoprostheses in relation to gender,
nor in relation to treatment – if only surgical or if combined
with chemotherapy and radiotherapy, whether there was
preoperative chemotherapy, the type of endoprosthesis
(whether partial or with an articulated knee), regarding the
Enneking staging, the histological degree, the Huvos classifi-
cation, the tumor size, and the presence of tumor invasion.
However, the survival in relation to laterality presented a
statistically significant difference, with the right side present-
ing lowersurvival (p¼0.036)and in relationtoage: individuals
aged � 26 years had lower survival of their implants
(p¼0.022), when compared to older individuals (►Table 4).

Regarding the revisions: 45 patients underwent revision
of the primary endoprosthesis. Of these, 21 (46.6%) experi-
enced failure. The main type of failure was type 3, with 7
cases (15.6%), followed by type 2, with 6 cases (13.3%), type 4,
with 4 cases (8.9%), type 1, with 3 cases (6.7%), and type 5,
with 1 case (2.2%). In total, 18 patients underwent a second
review, and 3 underwent amputation (1 due to tumor
recurrence, 1, to infection, and 1 due to unknown cause –

the procedure was performed in another service).
The survival of thefirst revision endoprosthesis at 1, 5 and

10 years was of 90.8%, 65.8%, 25.9% respectively. The mean
survival of the first revision endoprosthesis was of 120.8
months (� 10 years).

Regarding the number of revisions, 27 patients only
underwent 1 revision, and 18, more than 1: 10 patients
underwent 2; 4 patients, 3; 3 patients, 4; and 1 patient
underwent 7 revisions.

The mean survival of the second revision endoprosthesis
was of 136.4months (11 years and 3months), and the causes
of failure were: 3 cases of aseptic loosening, 2 of soft tissue
failure, 2 of structural fracture, and 1 case of infection. The
results regarding implant survival are summarized
in ►Table 5.

A total of 8 patients underwent a third revision; of these, 4
had failure, 3 due to aseptic loosening and 1 due to structural
fracture. The three cases of aseptic looseningwere submitted
to four revisions until the last follow-up, and the case of
structural fracture underwent seven revisions. There were
77 revision procedures in total.

Functional Results
A total of 14 patients were evaluated through the MSTS-BR
questionnaire: 7 women and 7 men, with a mean age at admis-
sion of 20 years (range: 9 to 48 years) and a mean age at the
evaluation of 38.5 years (range: 17 to 54 years). Regarding the
procedures performed, 5 did not underwent revision, 3 under-
went 1 revision, 4 underwent 2, and 2 patients underwent 4
revisions. The time since the last surgery ranged from 9 to
279 months. The mean score on the questionnaire was of 20.7

Table 2 Frequency – treatment data

Variables Patients (n) (%)

Treatments performed 92

Surgery 15 16.3%

Surgeryþ chemo- /radiotherapy 77 83.7%

Preoperative chemotherapy 91

No 22 24.2%

Yes 69 75.8%

Type of endoprosthesis 90

Partial 13 14.4%

Total 77 85.6%

Postoperative complications 93

No 86 92.5%

Yes 7 7.5%

Tumor invasion 82

No 6 7.3%

Yes 76 9.7%

Huvos classification 68

1 12 17.9%

2 27 39.7%

3 17 25.0%

4 12 17.9%

Evaluation of the surgical margins 81

Free 80 98.7%

Compromised 1 1.2%

Local recurrence 8 8.6%

Death during follow-up 24 26.0%

Infection 6 6.4%

Aseptic loosening 19 20.4%

Implant breakage 11 11.8%
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(range: 14 to 27) points. The question on ‘gait aid device’
presented an average score of 4.21 points (1 patient used a
walking stick continuously, and 1 used it intermittently), and
the one on the mean ‘walking ability’ had an average score of 4
points (2 patients described gait as limited). The other mean
scoreswere: ‘pain’ – 3.28; ‘function’ –2.5; ‘emotional acceptance’
–3.71; and ‘gait’ – 3 points (►Figure 3).

Discussion

After resection of a bone tumor, the resulting defect
should be reconstructed in order to preserve the affected
limb as well as its function. In 1943, the first endopros-
thesis was developed by Austin Moore, and, in fact, it was
the first alternative to the traditional treatment of malig-

nant and aggressive bone tumors until then:
amputation.1

The aim of the present study was to evaluate the
survival of primary endoprostheses of the distal femur
after resection of primary bone tumors, to analyze the
causes of failure and the functional results. The study has
limitations due to the retrospective design and the
heterogeneity in the cases, diagnoses, and types of
treatment.

We found that the diagnosis that most commonly re-
quired the procedure analyzed in the present study was
osteosarcoma in patients in the second decade of life.

In the literature, the failure of reconstruction with endo-
prostheses ranges from 40% to 73%.17 We observed a failure
rate of 54.8% in the primary implants.

Fig. 2 Kaplan-Meyer curve for the survival of primary endoprostheses.

Table 3 Implant survival by type of failure

Type of failure Average survival (months) Estimated survival

1 year 2 years 5 years 10 years

1 73.429 0.857 0.571 0.286 0.286

2 86.526 1.000 0.947 0.421 0.263

3 89.5 0.917 0.917 0.750 0.250

4 74.167 1.000 0.667 0.500 0.333

5 20.714 0.429 0.143 0.000 0.000

2 and 3� 87.333 0.967 0.933 0.533 0.267

�The asterisk refers to the two types of structural failures: 2 and 3.
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We observed that some failures do not necessarily require
the replacement of the endoprosthesis, such as some cases of
type 1 (coverage failure, pain due to patellar osteoarthrosis or
joint stiffness). In cases of type-1 failure, partial prosthesis
instability, patellar instability, patellofemoral pain, and joint
stiffness were observed.

Type-2 failures were the most frequent: 19 out of the 51
failures, and loosening occurred in both the femoral and
tibial components.

Of the 12 cases of type-3 failure, 10 were due to implant
breakage (femoral rod, rotation pin, and intermediate mod-
ules), and 2 involved periprosthetic fractures. One of the

cases of structural failure also had local recurrence, but it
was a soft-tissuemass, whichwas removedwithout the need
for revision of the endoprosthesis. The revision procedure
was performed due to breakage.

Of the 6 cases of infection, 3 were treated with a 2-stage
revision, using a cement spacer with antibiotics, and the
treatment of the infection was successful. Of the three cases
that did not undergo two-stage revision, two evolved and had
to be amputated after one revision. The other cases of ampu-
tation were due to local recurrence, as previously mentioned.

Whenwe analyze only the structural failures of the implant
– aseptic loosening and breakage of the endoprosthesis, there

Table 4 Survival estimate (Kaplan-Meier) and Cox regression model for primary implants

Variables Categories Survival estimate (Kaplan-Me-
ier)

p-value� Simple Cox regression model

5 years 10 years 15 years HR 95%CI p-value��

Gender Female 0.755 0.516 0.282 0.225 Ref.

Male 0.509 0.347 0.149 1.403 0.807–2.439 0.230

Age � 26 years 0.553 0.356 0.164 0.017 Ref.

> 26 years 0.905 0.724 0.579 0.392 0.176–0.871 0.022

Age Continuous � � � � 0.970 0.942–0.999 0.041

Tumor size � 7 cm 0.706 0.706 0.706 0.096 Ref.

> 7 cm 0.582 0.281 0.211 2.232 0.841–5.926 0.107

Laterality Right 0.548 0.316 0.141 0.032 Ref.

Left 0.759 0.614 0.314 0.534 0.297–0.959 0.036

Enneking Ib 0.656 0.394 0.263 0.180 �
IIb 0.621 0.441 0.240 � � �
III 0.293 0.000 0.000 � � �

Treatment Surgery 0.929 0.696 0.522 0.131 Ref.

Combined# 0.586 0.391 0.196 1.909 0.809–4.504 0.140

Preoperative chemotherapy No 0.849 0.566 0.377 0.294 Ref.

Yes 0.571 0.397 0.198 1.415 0.735–2.721 0.299

Type of endoprosthesis Partial 0.427 0.321 0.160 0.206 Ref.

Total 0.699 0.474 0.267 0.628 0.302–1.303 0.212

Histological grade Benign/Low 0.805 0.447 0.298 0.433 Ref.

High 0.587 0.416 0.224 1.335 0.645–2.761 0.436

Tumor invasion! No 1.000 0.750 0.375 0.238 Ref.

Yes 0.582 0.375 0.225 2.017 0.612–6.650 0.249

Abbreviations: CI, confidence interval; HR, hazard ratio; Ref., reference.
Notes: � p-value: log-rank test; �� p-value: Cox regression model; #chemotherapy or chemotherapyþ neoadjuvant and/or adjuvant radiotherapy; !

invasion described in the pathological report of the surgical specimen: soft parts, vascular, lymphatic, neural.

Table 5 Implant failure and survival rate: primary and revision

Endoprosthesis Failure rate Average survival (months) Kaplan-Meier survival estimate

5 years 10 years 15 years 20 years

Primary 54.8% 120.3 0.636 0.435 0.241 0.145

First revision 46.6% 120.8 0.658 0.259 0.259 0.259

Second revision 44.4% 136.4 0.619 0.619 0.413 0
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were 30 cases (58.8% of the failures) that occured later when
compared to the failures due to local recurrence (the earliest,
and worse prognosis), soft-tissue failure, and infection. Me-
chanical failure also did not seem to compromise limb salvage,
and was not the cause of any amputation; regarding patients
who evolved with infection and local recurrence, amputation
was indicated.

Pala et al.,18 analyzing reconstruction of the distal femur
with modular endoprosthesis, found a failure rate of 27%
and a survival rate at 10 years of 70%; and Bergin et al.19

found a rate of failure of 73.3%. Haijie et al. 10, in a
systematic review article of 40 studies, found a rate of
78.5% of aseptic loosening and infection, the main causes
of failure. Kinkel et al.3 reported a probability of limb
salvage after endoprosthesis failure of 92%, and the causes
of amputation were local recurrence and infection. In the
present study, the same rate was of 92.4%, and the causes
were also the same. Kinkel et al.3 reported a survival rate of
primary implants of 57% at 5 years, and we found a rate of
63.6% in the same period.

Our series had an estimated 10-year survival of 43.5%,
which is lower than that of some published series, and this
may have occurred because we included only patients with
primary tumors, who are mostly growing, whichmay lead to
more cases of loosening. Ourmean follow-upwas also longer

compared to that of some publications and, obviously, the
higher the follow-up, the greater the probability of identify-
ing implant failure.

Age presented statistical significance in terms of implant
survival: endoprostheses in patients aged � 26 years had a
lower survival when compared to older patients. Therefore,
age>26 years showed to be a protective factor against the
occurrence of endoprosthesis failure (hazard ratio [HR]
¼0.392; confidence interval [CI]¼0.176–0.871; p¼0.022).
The result can be justified by patient growth and higher
demand (leisure activities, games etc.).

The statistical analysis also revealed a difference in sur-
vival according to the laterality of the endoprosthesis, show-
ing that the risk of failure was higher on the right side, while
the left side provides protection against failure (HR¼0.534;
CI¼0.297–0.959; p¼0.036). One hypothesis would be that,
inmost people, the dominantmember is the right one,which
would be subject to greater demand.

The functional analysis using theMSTS-BR revealed a high
score in the questions about the need for gait aid (crutches,
walking sticks), showing that most of the evaluated patients
did not use such devices, as well as in the questions on ability
to walk and emotional acceptance. The mean score was of
20.7 out of a maximum of 30 points (that is 69%), demon-
strating a satisfactory functional result.

Fig. 3 Functional evaluation using the functional classification system of the Musculoskeletal Tumor Society (MSTS) of bone sarcomas of the
lower extremity, Brazilian version (MSTS-BR).
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Conclusion

Aseptic loosening was the main cause of endoprosthesis
failure in the present series. Mechanical failures – those
related to the implant – do not seem to compromise limb
salvage, and the need for revision of the endoprosthesis
occurs later; as for local recurrence and infection, they can
lead to amputation, and are causes of failure that occur
earlier. Revision procedures are expected due to the in-
creased survival of cancer patients. The limb-salvage rate
after complication of the preserving surgery was high, and
the rates of infection and local recurrencewere low. The rates
of failure and survival of the implant were in accordancewith
those found in the literature, and we conclude that the use of
the endoprosthesis for the reconstruction of bone failure
after resection of tumors of the distal femur is an appropriate
method with satisfactory functional results, including in the
long term.
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